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101
Mixing abrasive grains with a bond material powder
103
Forming the mixture to form a green article
105 Heating the green article to a firing temperature of at least
about 1000°C to form a bonded abrasive article
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BONDED ABRASIVE ARTICLE AND
METHOD OF FORMING

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims priority under 35 U.S.C. §120 to
and 1s a continuation of U.S. application Ser. No. 12/901,218
entitled “Bonded Abrasive Article and Method of Forming,”
by Querel et al., filed Oct. 8, 2010, which 1n turn claims

priority under 35 U.S.C. §119(e) to U.S. Patent Application
No. 61/249,659 entitled “Bonded Abrasive Article and

Method of Forming,” by Querel et al., filed Oct. 8, 2009, both
of which are assigned to the current assignee hereof and
incorporated herein by reference 1n their entireties.

BACKGROUND

1. Field of the Disclosure

The following 1s directed to bonded abrasives and particu-
larly bonded abrasive articles incorporating microcrystalline
alumina abrasive grains

2. Description of the Related Art

Abrasive tools are generally formed to have abrasive grains
contained within a bond material for material removal appli-
cations. Superabrasive grains (e.g., diamond or cubic boron
nitride (CBN)) or seeded (or even unseeded) sintered sol gel
alumina abrasive grain, also referred to microcrystalline
alpha-alumina (MCA) abrasive grain, can be employed 1n
such abrasive tools and are known to provide superior grind-
ing performance on a variety of materials. The bond material
can be organic materials, such as a resin, or an 1norganic
material, such as a glass or vitrified material. In particular,
bonded abrasive tools using a vitrified bond material and
contaiming MCA grains or superabrasive grain are commer-
cially useful for grinding precision metal parts and other
industrial components requiring consistent and improved
grinding performance.

Certain bonded abrasive tools, particularly those utilizing a
vitrified bond maternial, require high temperature forming
processes, oftentimes on the order of 1000° C. or greater,
which can have deleterious effects on the abrasive grains. In
fact, it has been recognized that at such elevated temperatures
necessary to form the abrasive tool, the bond material can
react with the abrasive grains, particularly MCA grains, and
damage the integrity and reducing the grain sharpness and
performance properties. As aresult, the industry has migrated
toward reducing the formation temperatures necessary to
form the bond material in order to curb the high temperature
degradation of the abrasive grains during the forming process.

For example, to reduce the amount of reaction between
MCA grain and vitrified bond, U.S. Pat. No. 4,543,107 dis-
closes a bond composition suitable for firing at a temperature
as low as about 900° C. In an alternate approach, U.S. Pat. No.
4,898,597 discloses a bond composition comprising at least
40% Intted matenals suitable for firing at a temperature as
low as about 900° C. Other such bonded abrasive articles
utilizing bond materials capable of forming at temperatures
below 1100° C., and 1n fact, below 1000° C., include U.S. Pat.
No. 5,203,886, U.S. Pat. No. 5,401,284, U.S. Pat. No. 5,536,
283, and U.S. Pat. No. 6,702,867. Still, the industry continues
to demand 1mproved performance of such bonded abrasive
articles.

SUMMARY

According to one aspect an abrasive article includes an
abrasive body having abrasive grains contained within a bond
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material, wherein the abrasive grains comprise microcrystal-
line alumina, and wherein the bond material comprises less

than about 1.0 mol % phosphorous oxide (P,O.). The bond

material can have a ratio measured 1n mol % between a total
content of sodium oxide (Na,O) and a total content of potas-
sium oxide (K,O) defined by [K,0O/Na,O] having a value
greater than about 0.5.

In another aspect, an abrasive article includes an abrasive
body having a porosity of less than about 50 vol % and
abrasive grains contained within a bond material, wherein the
abrastve grains 1include microcrystalline alumina, and
wherein the bond material comprises a total content of alkali
oxides less than about 12 mol % and less than about 2.0 mol
% lithium oxide (L1,0).

In accordance with yet another aspect, an abrasive article
includes an abrasive body having abrasive grains contained
within a bond maternial, wherein the abrasive grains comprise
microcrystalline alumina, and wherein the bond material
comprises less than about 2.0 mol % lithium oxide (L.1,0),
and less than about 10 mol % boron oxide (B,O,).

In st1ll another aspect, an abrasive article includes an abra-
stve body having abrasive grains contained within a bond
material, wherein the abrasive grains comprise microcrystal-
line alumina, and wherein the bond material comprises a total
content of alkal1 oxides less than about 12 mol %. The abra-
stve article exhibits a sandblast penetration into the abrasive
body of not greater than about 2.2 mm as measured under the
conditions measured 1n a sandblast chamber having a volume
of 48 cc using standard sand under a pressure of 15 ps1 for
about a single cycle time of 10 seconds.

Another aspect includes an abrasive article comprising an
abrasive body including abrasive grains contained within a
bond material, wherein the abrasive grains comprise micro-
crystalline alumina, and wherein the bond material comprises
less than about 10 mol % boron oxide (B,O,). The abrasive
body further exhibits a sandblast penetration into the abrasive
body of not greater than about 2.2 mm as measured under the
conditions measured 1n a sandblast chamber having a volume
ol 48 cc using standard sand under a pressure of 15 psi1 for
about a single cycle time of 10 seconds.

According to one aspect, a method of forming an abrasive
article mncludes mixing abrasive grains comprising microc-
rystalline alumina with a bond material powder, wherein the
bond material powder comprises not greater than about 15 wt
% alkal1 oxide compounds, and forming the mixture into a
green article. The method further includes heating the green
article to a firing temperature of at least about 1100° C. to
form an abrasive article having abrasive grains contained
within a vitreous bond materal.

According to a particular aspect, an abrasive article
includes an abrasive body having a porosity of less than about
50 vol % and abrasive grains contained within a bond mate-
rial, wherein the abrasive grains comprise microcrystalline
alumina. The bond material comprises a total content of alkali
oxides less than about 13 mol % and less than about 2.0 mol
% lithium oxide (L1,0). More particularly, the bond material
can contain less than about 12.8 mol %, or less than about 12.6
mol %, or even less than about 12.4 mol % alkali oxides for
the total amount of mols within the bond material.

BRIEF DESCRIPTION OF THE DRAWINGS

The present disclosure may be better understood, and 1ts
numerous features and advantages made apparent to those
skilled 1n the art by referencing the accompanying drawings.

FIG. 1 includes a flow chart illustrating a method of form-
ing an abrasive article 1in accordance with an embodiment.
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FIG. 2 includes a plot of average power consumption ver-
sus material removal rate for a sample formed according to an

embodiment and a conventional bonded abrasive sample.
FIG. 3 includes a plot of average surface roughness (Ra)
versus material removal rate for a sample formed according to
an embodiment and a conventional bonded abrasive sample.
The use of the same reference symbols 1in different draw-
ings indicates similar or identical 1items.

DETAILED DESCRIPTION

The following 1s generally directed to an abrasive article,
particularly a bonded abrasive article utilizing abrasive grains
contained within a bond material. Such abrasive articles are
uselul 1n material removal applications, such as those 1n vari-
ous 1ndustries for fimshing and/or grinding workpieces. The
abrasive articles can be shaped and sized to make various
finishing tools, such as wheels, cones, cup-shaped articles,
hones, and/or stones.

FIG. 1 includes a flow chart illustrating a method of form-
ing an abrasive article in accordance with an embodiment. As
illustrated, the process i1s mitiated at step 101 by mixing
abrasive grains with a bond material powder. In accordance
with an embodiment, the abrasive grains can include an 1nor-
ganic material, such as an oxide. More particularly, the abra-
stve grains can include microcrystalline alumina (MCA)
grains.

The MCA or sol-gel alumina grains are preferably pro-
duced by either a seeded or an unseeded sol gel process. As
used herein, the term “sol-gel alumina grits™ are alumina grits
made by a process comprising peptizing a sol of an aluminum
oxide monohydrate so as to form a gel, drying and firing the
gel to sinter 1t, and then breaking, screening and sizing the
sintered gel to form polycrystalline grains made of alpha
alumina microcrystals (e.g., at least about 95% alumina). In
addition to the alpha alumina microcrystals, the initial sol
may further include up to 15% by weight of spinel, mullite,
manganese dioxide, titania, magnesia, rare earth metal
oxides, zirconia powder or a zirconia precursor (which can be
added 1n larger amounts, e¢.g. 40 wt % or more), or other
compatible additives or precursors thereof. These additives
are often included to modily such properties as fracture
toughness, hardness, friability, fracture mechanics, or drying
behavior. Preparation of sintered sol gel alpha-alumina grains
1s described in detail elsewhere. Details of such preparations
may be found, for example, 1n U.S. Pat. Nos. 4,623,364,
4,314,827, and 5,863,308, the contents of which are hereby
incorporated by reference.

The term MCA grain 1s defined to include any grain com-
prising at least 60% alpha alumina microcrystals having at
least 95% theoretical density and a Vickers hardness (500
grams) of at least 18 GPa at 500 grams. The sintered sol gel
alpha-alumina grain may contain platelets of material other
than alpha-alumina dispersed among the alpha-alumina
microcrystals. Generally, the alpha-alumina particles and the
platelets are submicron 1n size when made 1n this form. Fur-
ther details of MCA abrasive grain preparations and MCA
abrasive grain types useful in the present invention may be
found 1n any one of the numerous other patents and publica-
tions which cite the basic technology disclosed 1n the U.S.
Pat. Nos. 4,623,364 and 4,314,827.

The microcrystalline alumina utilized i1n the abrasive
grains can have an average crystallite size of less than 1
micron. In fact, 1n certain 1nstances, the microcrystalline alu-
mina can have an average crystallite size of less than about 0.5
microns, and particularly within a range between about 0.1
and about 0.2 microns.
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Additionally, 1t will be appreciated that the bonded abra-
stve articles of embodiments herein may utilize a certain
content of secondary abrasive grains. When secondary abra-
stve grains are used, such abrasive grains can provide from
about 0.1 to about 97 vol % of the total abrasive grain of the
tool, and more preferably, from about 30 to about 70 vol %.
The secondary abrasive grains which may be used include,
but are not limited to, alumina oxide, silicon carbide, cubic
boron nitride, diamond, tlint and garnet grains, and combina-
tions thereof.

In reference to the bond material powder, 1norganic mate-
rials may be utilized, and 1n particular, inorganic materials
that facilitate the formation of a final-formed abrasive article
having a vitreous bond. That 1s, the final-formed bonded
abrasive article can have a vitreous bond having a certain
content of amorphous phase. In particular, the final-formed
bonded abrasive article of embodiments herein can have a
bond material that consists essentially of an amorphous
phase.

In particular instances, the bond material powder can
include inorganic materials, such as oxides. Notably, the bond
material powder can include a irit materal that 1s suitable for
forming the vitrified final-formed bond material. A {rit mate-
rial can include a powder material formed form a glass, which
1s formed by firing initially to an elevated temperature (e.g.,
1000° C. or greater), cooling, crushing and sizing to yield a
powdered material (“a 1rit”). The frit then may be melted at a
temperature well below the 1mitial firing temperature used to
make the glass from the raw materials, such as silica and
clays.

The following paragraphs denote certain contents and cer-
tain compositions which may be used 1n the bond material
powder. It will be appreciated that reference herein to the
particular amounts of certain compositions in forming the
mixture may not necessarily form a final bond composition in
the final-formed abrasive article having the exact same con-
tent of each of the species noted. That 1s, during the forming
process, the content of certain species can change such that
the final-formed bonded abrasive may not necessarily contain
the same amounts of certain species as was 1nitially included
in the bond material powder of the 1nitial mixture.

Embodiments herein can utilize a bond material powder
having a frit material. Frit material may be formed from
oxides such as silica, alkaline oxide compounds, alkaline
carth oxide compounds, and a combination thereof. The it
material facilitates suitable forming of a vitrified bond mate-
rial 1n the final-formed bonded abrasive. According to one
embodiment, the bond material powder can include a certain
content of silica (S10,). For example, embodiments herein
may utilize a bond material powder formed from at least
about 50 mol % silica. In other embodiments, the amount of
s1lica can be greater, such as at least about 55 mol %, such as
at least about 56 mol %, and particularly within a range
between about 55 and about 70 mol % silica.

Additionally, the bond material powder can include a cer-
tain content of alkali oxide compounds, and particularly a low
content of such alkal1 oxides, which may be more prevalent 1n
low-temperature bond compositions Alkali oxide compounds
are oxide compounds and complexes utilizing alkali species
denoted as Group 1A elements in the Periodic Table, such as
lithium oxide (L1,0), potassium oxide (K,O), sodium oxide
(Na,O), and a combination thereof.

In accordance with one embodiment, the bond material
powder can be formed from not greater than about 14 mol %
total alkaline oxide compounds. In other instances, the bond
material powder 1s formed from less alkaline oxide com-
pounds, such as on the order of not greater than about 13 mol
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%, not greater than about 12.8 mol %, not greater than about
12.6 mol %, not greater than about 12.4 mol %, not greater
than about 12 mol %, or even not greater than about 11 mol %.
Particular embodiments herein may form a bond matenal
powder having a total content of alkaline oxide compounds
within a range between about 5 mol % and about 14 mol %,
such as between about 8 mol % and about 13 mol %, between
about 9 mol % and about 12.8 mol %, or even between about
9 mol % and about 12 mol %.

In particular reference to lithium oxide, the bond matenal
powder can contain a particularly low content of lithium
oxide, which may be more prevalent 1in certain low-tempera-
ture bond compositions. For example, in embodiments
herein, the bond material powder can be formed from less
than 2.0 mol % lithium oxide. In other instances, the content
of lithium oxide may be less, such as on the order of less than
about 1.5 mol %, such as less than 1.0 mol %, such as less than
0.5 mol %. In one particular instance, the bond material
powder 1s formed such that 1t 1s essentially free of lithium
oxide.

The bond material powder can be formed from a particular
content of sodium oxide. For example, embodiments herein
may utilize between about 2.0 mol % and about 8.0 mol %,
such as between about 3.0 mol % and about 7.0 mol %.

Additionally, embodiments herein may utilize a particular
content of potassium oxide, such as within a range between
about 2.0 mol % and about 8.0 mol %, such as between about
3.0 mol % and about 8.0 mol %.

The bond material powder can be formed from a certain
content of alkaline earth oxide compounds Alkaline earth
oxide compounds are oxide compounds and complexes 1ncor-
porating divalent species from the alkaline earth elements
present in Group 2A of the Periodic Table of Elements. That
1s, for example, certain suitable alkaline earth oxide com-
pounds can include magnesium oxide (MgQ), calcium oxide
(Ca0), strontium oxide (SrO), barium oxide (BaO), and a
combination thereof. In accordance with one embodiment,
the bond material powder used can be formed from not
greater than about 10 mol % total alkaline earth oxide com-
pounds. In other mstances, the content of alkaline earth oxide
compounds 1s less, such as on the order of not greater than
about 9.0 mol %, not greater than about 8.0 mol %, or even not
greater than about 7.0 mol %. Particular embodiments herein
may utilize a total content of alkaline earth oxide compounds
within a range between about 2.0 mol % and about 10 mol %,
such as between about 4.0 mol % and about 9.0 mol %.

Of the alkaline earth oxide compounds, magnesium oxide
may be present in the greatest content as compared to the
other alkaline earth oxide compounds within the bond mate-
rial powder. For example, the bond material powder can be
formed from at least about 2.0 mol %, such as at least 3.0 mol
% magnesium oxide. In certain mixtures, the bond material
powder can contain between about 3.0 mol % and 7.0 mol %,
and more particularly within a range between about 3.0 mol
% and 6.0 mol % of magnesium oxide.

The bond material powder can include a certain content of
calcium oxide. For example, embodiments herein may utilize
a bond material powder formed from at least about 0.5 mol %
calcium oxide, such as within a range between about 0.5 mol
% and 3.0 mol % calcium oxide.

The bond material powder may contain a certain content of
barium oxide. However, the amount of barium oxide can be
less than the amount of magnesium oxide and/or calcium
oxide. Generally, the bond material powder contains less than
about 2 mol %, such as less than about 1 mol % barium oxide.

According to embodiments herein, the bond material pow-
der can be formed to have a particular content of alumina
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(Al,O,). For example, embodiments herein may utilize a
bond material powder formed from less than about 13 mol %
alumina, such as less than about 12 mol % alumina, or even
less than about 11 mol % alumina. Still, certain mixtures can
utilize a bond material powder formed from a content of
alumina within a range between about 8.0 mol % and about 13
mol %, such as between about 8.0 mol % and about 12 mol %.

In addition to the oxide species noted above, the bond
material powder can be formed to have a particular content of
phosphorous oxide (P,O.), which may be a particularly small
amount compared to certain low-temperature bond composi-
tions. For example, the bond material powder can be formed
from less than 1.0 mol % phosphorous oxide. In other
embodiments, the bond material powder can be formed from
less than about 0.5 mol % phosphorous oxide. In particular
instances, the bond material powder can be formed such that
it 1s essentially free of phosphorous oxide.

Additionally, the bond matenial powder can be formed
form particular contents of boron oxide (B,0O;), which may
be lower than certain low-temperature bond compositions.
For example, the bond material powder may contain less than
10 mol % boron oxide. In other instances, the bond material
powder can be formed from less than about 9.0 mol %, or even
less than 8.0 mol % boron oxide. Particular embodiments may
utilize a bond material powder formed from between about
5.0 mol % and about 10 mol %, such as between about 5.0 mol
% and 9.0 mol % boron oxide.

The bond material powder can include other materials,
such as certain other metal oxide compounds or complexes.
Suitable additional metal oxide compounds or complexes
may include oxides of certain metal elements, such as transi-
tion metal species. Such metal oxide compounds or com-
plexes can include 1ron oxide, titanium oxide, zirconium
oxide, zinc oxide, manganese oxide, cobalt oxide, chromium
oxide, vanadium oxide, bismuth oxide, and a combination
thereol. The presence of such additional metal oxide species
can be 1n minor amounts, such that the bond material powder
contains less than about 2.0 mol %, and more particularly less
than about 1.0 mol % of any one of the individual oxide
compounds noted above.

After forming a mixture of abrasive grains in the bond
maternal powder, 1t will be appreciated, that other materials
may be added to the mixture. For example, certain organic
compounds may be added to the mixture such as binders and
the like to facilitate formation of the article. In accordance
with one particular embodiment, the mixture can contain a
certain content of polyethylene glycol, ammal glue, dextrin,
maleic acid, latex, wax emulsion, PVA, CMC, and other
organic and/or mnorganic binder.

Additionally, other additives may be provided within the
mixture to facilitate formation of the final-formed bonded
abrasive article. For example, some suitable additives can
include pore formers including, but not limited to, hollow
glass beads, ground walnut shells, beads of plastic matenial or
organic compounds, foamed glass particles and bubble alu-
mina, elongated grains, fibers and combinations thereof.

After forming the mixture at step 101, the process can
continue at step 103 by forming the mixture to form a green
article. A green article 1s reference to an unfinished article
which may not be thoroughly heat treated to complete densi-
fication (1.e. fully sintered). In accordance with one embodi-
ment, the process of forming the mixture can include a press-
ing operation wherein the mixture 1s pressed 1nto a particular
shape similar to the shape of the itended final-formed
bonded abrasive article. A pressing operation may be con-
ducted as a cold pressing operation. Suitable pressures can be
within a range between about 10 and about 300 tons.



US 8,999,026 B2

7

After suitably forming the mixture at step 103, the process
can continue at step 105 by heating the green article to a firing
temperature of at least 1100° C. to form the abrasive article.
Firing 1s generally carried out at a temperature suitable to
form a vitrified bond material. The forming processes of the
embodiments herein utilize notably high firing temperatures,
such as at least about 1100° C. In other instances, the firing
temperature can be greater, such as at least about 1130° C., at
least 1200° C., at least about 1250° C., or even at least about
1300° C. The firing temperature used to form the bonded
abrasive articles ol embodiments herein can be within arange
between about 1100° C. and about 1400° C., such as between
1100° C. and about 1300° C.

Generally, firing can be carried out 1n an ambient atmo-
sphere, such that 1s contains air. Generally, the duration of
peak temperature for firing can be at least about 1 hour, and
particularly within a range between about 1 to 10 hours. After
suificiently heating the article to form a bonded abrasive
article having abrasive grains contained within a vitreous
bond material, the article can be cooled. Embodiments herein
may utilize a natural cooling process wherein the power to the
furnace 1s turned off and the article 1s allowed to cool from the
firing temperature to room temperature naturally.

As noted above, the bonded abrasive articles of embodi-
ments herein can include abrasive grains contained within a
bond material, wherein the bond material 1s a vitreous mate-
rial having an amorphous phase. Moreover, the foregoing has
noted particular contents of certain compositions (e.g. alka-
line oxide compounds, silica, alumina, boron oxide, etc), can
change during the high temperature forming process such that
the final-formed bonded abrasive article has a different con-
tent of such compositions as compared to the content of such
compositions within the imitial mixture. Accordingly, the
bonded abrasive articles of embodiments herein are formed
such that the final bond material of the abrasive article has
certain contents of certain components and more particularly
ratios of certain components such that the bonded abrasive
article can be formed at high temperatures without severe
degradation and dissolution of the microcrystalline alumina
abrasive grains.

In particular, the final bond composition of the abrasive
article can have a particular content of alkali oxide com-
pounds. For example, with respect to sodium oxide, the bond
material can contain not greater than about 8.0 mol % sodium
oxide. In other embodiments, the amount of sodium oxide can
be less, such as not greater than about 7.0 mol %, or even not
greater than about 6.0 mol %. In particular instances, the bond
material can contain between about 2.0 mol % and about 8.0
mol %, and more particularly between about 3.0 mol % and
about 6.0 mol % sodium oxide.

With respect to potassium oxide, the bond material can
contain at least about 4.0 mol % potassium oxide. In other
instances, the bond material can contain at least about 5.0 mol
% potassium oxide. In certain embodiments, the final bond
material of the abrasive article can have between about 4.0
mol % and about 10 mol %, and particularly between about
4.0 mol % and about 8.0 mol % potassium oxide.

Moreover, the final bond material of the abrasive article can
be formed such that it has a particular ratio between the
content of potassium oxide and content of sodium oxide. For
example, the ratio of potassium oxide to sodium oxide in mol
% and expressed as [K,O/Na,O] can have a value that i1s
greater than about 0.5. In other embodiments, the ratio can be
greater than about 0.75, such as greater than about 0.9, or even
greater than 1.0. Notably, the composition of the final bond
material can utilize a ratio between potassium oxide and
sodium oxide [K,O/Na,O] that 1s within a range between
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about 0.5 and about 2.2, such as between about 0.75 and about
2.0, between about 0.8 and 1.9, or even between about 1.0 and
about 1.4.

As noted above, the 1nitial mixture of the bond material can
contain particularly low amounts of certain alkal1 oxide com-
pounds such as lithium oxide. As such, the final-formed bond
material of the abrasive article can generally have less than
about 2.0 mol % lithium oxide, such as less than 1.5 mol %,
such as less than 1.0 mol %, or even less than 0.5 mol %
lithium oxide. Notably, 1n particular embodiments the final-
formed bond material of the abrasive article can be essentially
free of lithium oxide.

The abrasive articles of embodiments herein can have a
total content of alkal1 oxide compounds that are significantly
lower than other conventional bond materials, which facili-
tates a bonded abrasive article formed at high temperatures
employing MCA grains with high integrity. That 1s, the total
amount of alkali oxide compounds within the final bond
material can be less than about 13 mol %. In particular, the

total content of alkali oxide compounds can be less than about
12.8 mol %, less than about 12.6 mol %, less than about 12.4

mol % or even less than about 11.5 mol % for the total mols
of material within the bond material. In certain instances, the
abrasive articles herein are formed such that the final bond
material has a total content of alkali oxide compounds that are
less than 13 mol % and greater than about 8.0 mol %, such as
less than about 12.8 mol % and greater than about 9.0 mol %,
or less than about 12 mol % and greater than about 8 mol %,
or less than about 11.5 mol % and about 9.0 mol %, and more
particularly, less than about 11.5 mol % and greater than
about 9.5 mol %.

The abrasive articles of embodiments herein can have a
particular content of phosphorous oxide. For example, the
final-formed bond material can have less than about 1.0 mol
% of phosphorous oxide, such as less than about 0.5 mol %
phosphorous oxide. In particular, the final-formed bond mate-
rial of the abrasive article can be essentially free of phospho-
rous oxide.

The final-formed bond of the abrasive articles of embodi-
ments herein can have a particular content of boron oxide. For
example, the final-formed bond material can have less than 10
mol % boron oxide. In other instances, the final-formed bond
material can contain less than about 9.0 mol %, such as less
than 8.0 mol % boron oxide. In certain embodiments, the
final-formed bond material has a content of boron oxide
within a range between about 1.0 mol % and about 10 mol %,
such as between about 2.0 mol % and about 9.0 mol %, or
even between about 2.0 mol % and about 8.0 mol %.

In addition to the total content of boron oxide contained
within the final-formed bond material, embodiments herein
may utilize a particular ratio between the content of boron
oxide and other alkali oxide compositions or even between
the total content of boron oxide and total content of alkali
oxide compounds.

As will be appreciated, the bond material can contain a
significant amount of silica. That 1s, the final-formed bond
material can be formed such that it contains a majority
amount of silica (1.e. greater than 50 mol % silica). In other
embodiments, the final-formed bond material can contain
greater than about 35 mol % silica, 1 particularly within a
range between about 55 mol % and about 70 mol %, and more
particularly between about 355 mol % and about 65 mol %
silica.

Additionally, the final-formed bond material can exhibit a
particular ratio between the content of silica and total content
of alkali oxide compounds (C__ ) measured 1n mol % and
expressed as [C__ _/S10,] and having a value greater than
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about 0.17. In other embodiments, the ratio [C__ /S10,] can
be greater than about 0.18, such as between about 0.17 and
0.6, and particularly within a range between about 0.18 and
about 0.5.

The final-formed bond material can exhibit certain con-
tents of alumina (Al,O;) suitable for forming the high-tem-
perature bonded abrasive article. For example, the final bond
material can contain at least about 12 mol % alumina, such as
at least about 13 mol % alumina, or even at least about 14 mol
% alumina. Still, the total content of alumina within the final
bond may be limited, such as not greater than about 18 mol %,
not greater than about 17 mol % or even not greater than about
16 mol %. As will be appreciated, the amount of alumina may
be controlled in comparison to the total content of other
species (1.e., oxide compounds) within the bond material,
including, but not limited to, silica, alkali oxides, alkaline
earth oxides, borides, and a combination thereof.

Additionally, the final-formed bond material may contain a
certain content of alkaline earth oxide compounds (C___ ).
Suitable alkaline earth oxide compounds can include magne-
sium oxide, calcium oxide, strontium oxide, and barium
oxide. In particular instances, the abrasive article can be
formed such that the final bond material can contain not
greater than about 6.0 mol %, such as not greater than about
5.0 mol %, or even, not greater than about 4.0 mol % magne-
sium oxide. In certain embodiments, the final-formed bond
material contains between about 1.0 mol % and about 6.0 mol
%, such as between about 1.0 mol % and about 4.0 mol %
magnesium oxide.

Additionally, the final-formed bond material can contain a
specific content of calcium oxide, particularly an amount that
1s less than the content of magnesium oxide. For example, the
final-formed bond material can contain less than about 6.0
mol % calcium oxide, such as less than about 4.0 mol %
calcium oxide, or even less than about 3.0 mol % calcium
oxide. In certain embodiments, the final-formed bond mate-
rial can contain between about 1.0 mol % and about 5.0 mol
%, such as between about 1.0 mol % and about 3.0 mol %
calcium oxide.

Moreover, the final-formed bond material can contain an
amount of barium oxide of less than about 2.0 mol %, such as
less than about 1.0 mol %, and particularly within a range
between about 0.1 and about 1.0 mol %.

The total content of alkaline earth oxide compounds
(C__..) can be at least about 1.0 mol %, such as at least about
2.0 mol %, or even at least about 3.0 mol %. Still, embodi-
ments herein may utilize a final-formed bond material that
has a total content of alkaline earth oxides that 1s less than
about 9.0 mol %, such as less than about 8.0 mol %, or even
less than about 7.0 mol %. That 1s, the final-formed bond
material of abrasive articles according to embodiments herein
can have a total content of alkaline earth oxides within arange
between about 2.0 mol % and about 9.0 mol %, such as within
a range between about 3.0 mol % and about 7.0 mol %.

In addition to the total content of alkaline earth oxide
compounds, the bond material may utilize a particular ratio
between the total content of alkali oxide compounds and
alkaline earth oxide compounds. The ratio between the total
content of alkali oxide compounds (1n mol %) as compared to
the total content of divalent alkaline earth compounds (1n mol
%) can be a ratio expressed as [C__ /C__ | having a value of
at least about 1.2. In other embodiments, this ratio can be at
least about 1.3, such as at least about 1.75, at least 2.0. Still,
the ratio can be generally less than about 3.5, such as less than
3.25, and less than 3.0. Certain embodiments utilize a bond
material having a ratio [C__ /C__ | between the alkali oxide
compounds and divalent alkaline earth compounds that is
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within a range between about 1.2 and about 3.5, such as
between about 1.5 and about 3.25, such as between about 1.75

and about 3.0, and particularly within a range between about
2.0 and about 2.75.

The compositions of the abrasive tools of the imnvention
preferably contain a total abrasive grain content from about
34 vol % to about 56 vol %, such as between about 40 vol %
and about 54 vol %, and particularly between about 44 vol %
and about 52 vol %. The MCA abrasive can account for
between about 1 to about 100 vol % of the total abrasive grain
of the abrasive article, such as between about 10 vol % and
about 80 vol %, or between 30 vol % and about 70 vol % of the
total volume of abrasive grain in the abrasive article.

The abrasive articles of the embodiments herein can
include between about 3.0 and about 30 vol % bond matenal.
In more particular instances, the abrasive article can contain
between about 3 vol % to about 25 vol % bond, between about
4 vol % to about 20 vol % bond, and even between about 5 vol
% to about 18.5 vol % bond. Moreover, some abrasive articles
can 1nclude 0.1 vol % to 60 vol % of one or more secondary
abrasive grains, {illers and/or additives.

While a majority of the abrasive tools can have various
degrees of porosity, however, some of the abrasive bodies
formed according to embodiments contained herein may
exhibit a certain content of porosity. For example, the abra-
stve body can have a porosity that 1s less than about 50 vol %
of the total volume of the abrasive body. In other instances,
the porosity can be less than about 49 vol %, such as less than
about 40 vol %. In particular instances, certain abrasive bod-
ies can be formed to have a porosity that is at least about 20 vol
% and less than about 40 vol %, such as at least about 30 vol
% and less than about 50 vol %, and more particularly
between about 30 vol % and about 49 vol %.

The abrasive articles described herein can be formed
through a high-temperature forming process without particu-
lar dissolution or degradation of the abrasive grains compris-
ing the microcrystalline alumina. In particular, the abrasive
bodies formed according to the processes herein can exhibit a
particular hardness as measured 1n a sandblast penetration
test under the following conditions. Sandblast tests were con-
ducted by first calibrating a standard, such as a glass plate
material, on a table under a measuring rod and the standard
was placed 1n contact with a surface of the blast seal. An air
pressure of 15 psi1, 1n a chamber having a volume of 48 cc was
used to blast standard grade sand material at the surface of the
standard (or samples) for a single cycle time of 10 seconds.
The depth of the hole formed in the standard after a single
cycle was measured and recorded. Upon confirming the depth
of the hole formed 1n the standard was within the appropriate
range, samples formed according to embodiments herein
were tested. As will be appreciated, the lower the value of the
depth, the harder the abrasive article.

Certain abrasive articles of embodiments herein demon-
strate a sandblast penetration of not greater than about 2.2
mm. In fact, certain abrasive bodies exhibit a sandblast pen-
etration of not greater than about 2.1 mm, such as not greater

than about 2.0 mm, not greater than about 1.9 mm, not greater
than about 1.8 mm, and even not greater than about 1.6 mm.

EXAMPL.

L1

Two samples were prepared, a sample S1 formed accord-
ing to embodiments herein and a second, conventional sample
CS1 having a conventional bond maternial. The samples S1
and CS1 were tested under particular grinding conditions to
compare their performance properties.
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The S1 sample was formed by mitially combining 80-90 wt
% of abrasive grains with 9-15 wt % of an 1nitial bond mate-
rial having the composition provided in Table 1 below. The
mixture further included a remainder amount (wt %) of other
additives including a binder matenal. Sample 1 was 1nitially
cold pressed to form a green article, and thereafter sintered at
a firing temperature of about 1200° C. to form a final bonded
abrasive article having approximately 46-50 vol % abrasive
grains, 7-11 vol % bond maternal, and a reminder amount of

5

porosity. The final composition of the bond material is pro- 19
vided 1n Table 1.
TABLE 1
S1 Initial S1 Final 15
Composition Composition

Component (mol %o) (mol %o)

S102 60.73 58.92

Al203 10.75 16.44

B20O3 7.97 7.45 20

L1120 g 0

Na20 5.7 5.35

K20 6.72 5.77

MgO 5.15 2.96

CaO 1.66 1.8%

BaO 0.36 0.37

Fe203 0.18 0.1 25

TiO2 0.63 0.47

ZrO2 0.03 0.27

Zn0O 0.12 0.02

The sample CS1 1s formed according to the process of
sample S1 having an initial and final bond compositions as
described herein. The CS1 sample was fired at a firing tem-
perature between about 900° C.-950° C. Like sample S1, the
sample CS1 was formed such that it also contained approxi-
mately 46-50 vol % abrasive grains, 7-11 vol % bond mate-
rial, and a reminder amount of porosity.

The total alkali oxide compound content of the final-
tormed vitreous bond for the CS1 sample was approximately
16-18 mol % including significant contents of lithium oxide,
the total content of alkaline earth oxide compounds was
approximately less than 1.5 mol %, the total boron oxide
content was greater than 10 mol % and calculated to be
between about 14 and 18 mol %, the ratio between potassium
oxide and calcium oxide [K,0O/Na,O] was between 0.01 and
0.05.

The samples S1 and CS1 were subject to an outer diameter
(OD) plunge grinding test to determine the power consump-
tion of the bonded abrasive articles and also the final surface
roughness of the test workpiece after the grinding procedure.
The OD plunge grinding conditions were conducted under a
controlled feed grinding condition using coolant, the condi-
tions of which are summarized 1n Table 2 below.
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Parameter Values
Workmaterial type 100Cr6
Wheel speed (m/sec) 35
Table speed (mm/min) 200-1000
Depth of cut (mm) 1 60
Theoretical Material Removal 3.3,6.7,10,13.3,16.7
Rate MRR (mm~/sec/mm)
Grind Width (mm) 10
Dressing Feed (mm/min) 835
Total dress amount (m) 200
65

Table 3 below summaries the average power consumed
during the grinding process for a given number of dressing

12

cycles, and the roundness deviation of the workpiece after
testing. As 1llustrated by the data, sample S1 demonstrated
improved (1.e., lower) average power consumption over the
conventional sample, CS1, for a greater number of dressing
cycles. Moreover, the roundness deviation of the workpieces
ground by the S1 samples were half of the roundness devia-
tion of the samples ground using the CS1 bonded abrasive.

TABLE 3
Dressing Roundness
Average Cycles (No. of Deviation
Sample Power (mW) workpieces) (microns)
CS1 5.8 10 20
S1 4.9 15 10

A second set of grinding tests were carried out using the
samples S1 and CS1. Traverse surface grinding tests were
conducted using the samples S1 and CS1 using a coolant
under conditions summarized in Table 4 below.

TABLE 4
Parameter Values
Workmaterial type 100Cr6
Wheel speed (m/sec) 35
Table speed (mm/min) 200-1000
Depth of cut (mm) 1
Theoretical Material Removal 3.3,6.7,10, 13.3,16.7
Rate MRR (mm?*/sec/mm)
Grind Width (mm) 10
Dressing Feed (mm/min) 835
Total dress amount (m) 200

The results of the testing are provided 1n plots of FIGS. 2
and 3. FIG. 2 includes a plot of average power versus material
removal rate (MMR) for the samples S1 and CS1. As indi-
cated, the sample S1 demonstrated a lower average power
consumption over the range of tested material removal rates
on the workpiece as compared to the sample CS1. In particu-
lar, at higher material removal rates exceeding 10 mm->/s/mm
the difference between the average power consumption of the
sample CS1 and S1 was significant.

FIG. 3 1s a plot of average surface roughness (Ra) of the
workpiece as measured i1n microns versus the material
removal rate for the samples S1 and CS1. As illustrated in
FIG. 3, generally the surface roughness of the workpiece after
the grinding tests was approximately the same for both
samples. Notably, sample S1 was capable of providing nearly
the same surface roughness at high material removal rates as
well as low material removal rates.

Notably, the combined information of FIGS. 2 and 3 1ndi-
cates that the bonded abrasive article formed according to
embodiments herein (Sample S1) can use less power even
while utilizing increased material removal rates over a con-
ventional sample. And additionally, even at higher material
removal rates, the finish of the workpiece 1s not compro-
mised. In fact, during testing, the workpieces ground using
the sample CS1 were burned, while the finish of the work-
pieces ground using the sample S1 were not observed to be
burned.

The embodiments hereimn are directed to abrasive articles
incorporating microcrystalline alumina grains 1n a high tem-
perature bonded abrasive article, wherein the microcrystal-
line alumina grains exhibit improved integrity and minimized
dissolution and degradation. State-of-the-art bonded abrasive
articles employing MCA grains have been directed to the
formation and use of low temperature vitrified bonds formed



US 8,999,026 B2

13

at temperatures below 1000° C. However, the embodiments
herein are directed to a bonded abrasive article formed at high
temperatures and use of a bond material that facilitates high-
temperature forming processes while minimizing dissolution
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heating the green article to a fining temperature of at least
about 1150° C. to form an abrasive article having abra-
stve grains contained within a vitreous bond material.

2. The method of claim 1, wherein the bond material pow-

and degradation of the MCA grains. The embodiments herein s der comprises a frit.

notably utilize one or more combination of features, includ-
ing total contents of alkali oxide compounds, alkali earth
oxide compounds, boron oxide, silica, alumina, phosphorous
oxide, and lithium oxide, particular ratios of alkali oxide
compounds, alkali earth oxide compounds, boron oxide,
silica, alumina, phosphorous oxide and lithium oxide as com-
pared to each other, and particular contents of abrasive grains,
bond, and porosity that facilitate the formation of a bonded
abrasive article having improved characteristics, such as
hardness and grinding performance. The foregoing describes
a combination of features, which can be combined 1n various
manners to describe and define the bonded abrasive articles of
the embodiments. The description 1s not intended to set forth
a hierarchy of features, but different features that can be
combined 1n one or more manners to define the invention.

In the foregoing, reference to specific embodiments and the
connections of certain components 1s i1llustrative. It will be
appreciated that reference to components as being coupled or
connected 1s intended to disclose either direct connection
between said components or indirect connection through one
or more 1ntervening components as will be appreciated to
carry out the methods as discussed herein. As such, the above-
disclosed subject matter 1s to be considered illustrative, and
not restrictive, and the appended claims are intended to cover
all such modifications, enhancements, and other embodi-
ments, which fall within the true scope of the present mven-
tion. Thus, to the maximum extent allowed by law, the scope
of the present mvention 1s to be determined by the broadest
permissible 1nterpretation of the following claims and their
equivalents, and shall not be restricted or limited by the fore-
going detailed description.

The Abstract of the Disclosure 1s provided to comply with
Patent Law and 1s submitted with the understanding that 1t
will not be used to interpret or limit the scope or meaning of
the claims. In addition, 1n the foregoing Detailed Description,
various features may be grouped together or described 1n a
single embodiment for the purpose of streamlining the dis-
closure. This disclosure 1s not to be interpreted as reflecting an
intention that the claimed embodiments require more features
than are expressly recited 1n each claim. Rather, as the fol-
lowing claims reflect, mventive subject matter may be
directed to less than all features of any of the disclosed
embodiments. Thus, the following claims are incorporated
into the Detailed Description, with each claim standing on 1ts
own as defiming separately claimed subject matter.

What 1s claimed 1s:

1. A method of forming an abrasive article comprising:

mixing abrasive grains comprising microcrystalline alu-
mina with a bond material powder, wherein the bond
material powder comprises not greater than about 15 wt
% alkali oxide compounds;

forming the mixture into a green article; and
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3. The method of claim 1, wherein the bond material pow-
der comprises at least about 50 wt % silica.

4. The method of claim 3, wherein the bond material pow-
der comprises between about 50 wt % and about 70 wt %
silica.

5. The method of claim 1, wherein the bond material pow-
der comprises alkali oxide compounds selected from the
group ol compounds consisting of potassium oxide (K,O),
sodium oxide (Na,O), lithium oxide (L.1,0) and a combina-
tion thereof.

6. The method of claim S, wherein the bond material pow-
der comprises less than about 2.0 mol % lithium oxide.

7. The method of claim 6, wherein the bond material pow-
der 1s free of lithium oxide.

8. The method of claim 1, wherein the bond material pow-
der comprises less than about 1.0 mol % phosphorous oxide
(P>0s5).

9. The method of claim 8, wherein the bond material pow-
der 1s free of phosphorous oxide (P,O;).

10. The method of claim 1, wherein forming comprises
pressing the mixture into a shape.

11. The method of claim 1, wherein the firing temperature
1s at least about 1200° C.

12. The method of claim 1, wherein the firing temperature
1s at least about 1250° C.

13. A method of forming an abrasive article comprising:

mixing abrasive grains comprising microcrystalline alu-

mina with a bond material powder, wherein the bond
material powder comprises not greater than about 15 wt
% alkal1 oxide compounds;

forming the mixture 1nto a green article; and
heating the green article to a firing temperature within a range
of more than 1100° C. to about 1400° C. to form an abrasive
article having abrasive grains contained within a vitreous
bond matenal.

14. The method of claim 13, wherein the firing temperature
1s within a range of more than 1100° C. to about 1300° C.

15. The method of claim 1, wherein the bond material
powder comprises not greater than about 18 mol % alumina
(AL,05).

16. The method of claim 1, wherein the bond material
powder comprises not greater than about 10 mol % of a total
content of divalent alkaline earth oxide compounds.

17. The method of claim 13, wherein the bond material
powder comprises a irit.

18. The method of claim 13, wherein the bond material
powder comprises at least about 50 wt % silica.

19. The method of claim 13, wherein the bond material
powder comprises alkali oxide compounds selected from the
group of compounds consisting of potassium oxide (K,O),
sodium oxide (Na,O), lithium oxide (L.1,0) and a combina-
tion thereof.
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